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Synopsis Specific size gas-water clusters are currently receiving considerable attention, as models for inclusion
compounds of different type of clathrate hydrates. As model microsolutions they retain many characteristics of
the bulk, are theoretically tractable, and can be used to probe the relevant guest/host interactions, as well as to
derive and to test intermolecular potentials that can be also used under different thermodynamic conditions.
A number of spectroscopic and diffraction
studies have been conducted to explore at which
conditions bulk rare-gas hydrates may be formed
or decomposed and what types of them may be
obtained at such conditions [1]. Theoretical at-
tempts to describe structural transitions in these
clathrate hydrates could provide useful informa-
tion, and could serve to settle disagreement be-
tween different sets of experiments.
Thus, we performed [2] parallel tempering Monte
Carlo simulations in the isothermal-isobaric
(NPT ) ensemble, aiming to provide a complete
description of the cluster phase behavior under
various temperature–pressure conditions. The
TIP4P/ice model was employed for the water-
water interactions, while both semiempirical and
ab initio-based potentials were used to model the
interaction between the rare-gas atom and water
molecules (see Fig. 1). We constructed heat ca-
pacity phase diagrams for specific size clusters,
such as the small polyhedral cages of the sI, sII
and sH clathrate structures. By analyzing the
heat capacity landscape and the Pearson corre-
lation coefficient profile for the interaction energy
and volume, structural changes were detected [2]
(see Fig. 1). For the pure water (H2O)20 clus-
ter, at low pressures such transitions correspond
from the “all-surface” structures to the cage-1
like structures, while at higher pressures transi-
tions to the cage-1 isomeric structure. For the
Ar(H2O)20 cluster, changes at high pressure cor-
respond to solid-to-solid transitions from outside-
to-inside structures, and have been related to
clathrate-like cages around the Ar atom. It is
also shown that the formation and thermody-
namic stability of the regular 512 structures are
determined by the intermolecular interaction be-
tween the Ar atom and host water network [2].
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Figure 1. Upper panel: Potentials as a function of
the distance between the Ar atom and the center of
mass of the 512 cage formed by 20 H2O molecules
(see inset plot). Lower panel: Phase diagrams of
the Ar(H2O)20 cluster. Black dot lines correspond
to the maxima of the heat capacity, blue/red dot
lines to the min/max of the Pearson correlation co-
efficient, and A, B, and C to the different solid–solid
transitions.
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